Major green tea catechin, epigallocatechin-3-gallate (EGCG), binds non-covalently to numerous 4 dietary proteins, including beta-lactoglobulin of cow's milk. The effects of glycation of proteins 5 via Maillard reaction on the binding capacity for polyphenols and the antiradical properties of the 6 formed complexes have not been studied previously. 7 Binding constant of BLG glycated by milk sugar lactose to EGCG was measured by the method of 8 fluorophore quenching. Binding of EGCG was confirmed by CD and FTIR. The antioxidative 9 properties of the complexes were examined by measuring ABTS radical scavenging capacity, 10 superoxide anion scavenging capacity and total reducing power assay.
Introduction

21
Naturally occurring polyphenols can form complexes with globular proteins and such interaction 22 may result in complexation, protein unfolding and precipitation (Ma, Yin, Liu, & Xie, 2011) . 23 binding to native or heated BLG has been demonstrated in previous studies (Lestringant, et al. 48 2014). It has also been shown that dietary proteins can be good vehicles for transport and 49 preservation of antioxidant capacity of bioactive compounds, such as EGCG. For that purpose, 50 thermally-treated beta-lactoglobulin has been described as a promising nanovehicle, able to bind 51 EGCG with a higher affinity than native protein and protect the polyphenol from degradation 52 (Shpigelman, et al., 2010) . 53 For dietary proteins, heating in the presence of reducing sugars is a reason for non-enzymatic 54 browning of foods and glycation of proteins due to Maillard reaction (MR). The non-enzymatic 55 browning is largely encountered during industrial processing and particularly during heat treatment 56 of foods rich in reducing sugars. 57 Glycation of BLG is described to readily occur in the presence of different mono-, di-and oligoboth native and glycated BLG fluorescence by a static mechanism, most likely through complex 126 formation. 127 7 2.4.2. Double-logarithmic equation 128 For the static quenching, the binding constant Ka and number of binding sites (n) can be calculated 129 according to a double-logarithmic equation (Eq.3) (Lakowicz, et al., 1999) :
The slope of the double logarithmic plot yields the number of binding sites and the intercept 132 provides the binding constant (Ka Caughey, 1990).
162
The protein secondary structure composition was determined from the shape of the amide I band, 163 located between 1600 and 1700 cm -1 . Fourier self-deconvolution and secondary derivative were Absorbance was measured at 540 nm.
189
The reducing power of BLG or LacBLG (1.00 mg/ml) was determined according to Stanic-Vucinic The structural characterisation of the interaction between globular food proteins and polyphenols (Lakowicz, et al., 1999) . slight red shift with emission maximum at 347 nm ( Fig. 2A) . This is indicative of Trp residues 226 becoming more exposed to the solvent as a consequence of glycation reaction with lactose.
227
Quenching of emission at the aforementioned emission maxima were used to estimate the strength 228 of interaction for EGCG with BLG ( Fig. S1 , SOM) and LacBLG (Fig. 2B ) by applying Stern- (Table 1) . Calculated bimolecular quenching rate constant was three 235 orders of magnitude higher than the maximum diffusion controlled limit, which allowed 236 application of the double logarithmic equation (Eq. 3) and calculation of binding constant (Ka) and 237 number of EGCG binding sites (n) ( Table 1) .
238
The intensity of quenching, presented as a linear ratio of F0/F versus concentration of the quencher, 239 gives the Stern-Volmer quenching constant (KSV) of 2.65 x 10 4 M -1 (Table 1 and Fig. 2C ). determined by t-test ( Fig. S2A, SOM) .
245
Application of double logarithm plot (Eq. 3 and Fig. 2D ) yielded the number of ligand binding of 246 1.05 and association constant of 5 x 10 4 M -1 for LacBLG:EGCG (Table 1) . Both experimentally 247 determined (Table 1) and literature data (Keppler, et al., 2014; Wu, et al., 2013; Zorilla, et al., 248 2011) for EGCG binding sites on BLG are very similar to those we calculated for LacBLG:EGCG 249 complex. There was no statistically significant difference for either parameter obtained by use of 250 double logarithm equation for EGCG binding to LacBLG versus BLG ( Fig. S2 B and C, SOM) .
251
Thus, we conclude that a stable LacBLG:EGCG complex is formed in solution and that EGCG 252 quenches protein's fluorescence by static mechanism. Determined association constants were in 253 10 4 M -1 range, which is in accordance with previously published data determined for BLG by the 254 same methodology. Our results suggest that EGCG binds to LacBLG and forms a stable complex 255 in solution with a similar binding affinity as described for BLG.
256
BLG contains in its primary sequence 19 potentially reactive sites (N-terminal, 15 lysine and three 257 arginine residues). Previous mass spectrometry analysis of highly lactosylated BLG showed a total 258 13 of 17 different modified amino acid residues (Leu1, all 15 Lys residues and Arg124) with usually 259 attached 6-15 lactose units per BLG molecule (Fenaille, Morgan, Parisod, Tabet, & Guy, 2004) .
260
Lactosylated amino acids residues lie on the protein surface, exposed to solvent, without interfering 261 with amino acid residues of hydrophobic cavity that are responsible for EGCG binding (Wu, et al., 262 2013). These data support our observation that lactosylation of BLG does not significantly affect 263 its binding to EGCG. Complexation of protein and polyphenols may influence proteins' secondary structure 266 (Ognjenovic, et al., 2014; Vesic, et al., 2015) . This phenomenon was monitored by CD 267 spectroscopy and FTIR.
268
BLG, upon binding of EGCG to BLG, a predominantly beta-sheet protein, induces an increase in 269 α-helix content on the account of random coil (Table 2 and Fig. S3, SOM) , which is in agreement 270 with previously published data (Kanakis, et al., 2011) . A non-native transition of α-helix to β-sheet, 271 is an event that might proceed precipitation and aggregation of the tested protein, a phenomenon 272 known to occur in higher polyphenol:protein ratio. We wanted to examine the effect of EGCG 273 binding to high affinity binding sites and analyzed effects of only up to 1:10 molar ratio of 274 protein:polyphenol.
275
LacBLG shows similar secondary structure content as native protein (Table 2 and Fig. S3, SOM) .
276
Due to the heat-induced dimerization and/or denaturation, small changes in the protein fold can be 277 observed. Calculation of secondary structures showed that glycation of BLG induces beta-sheet to 278 alpha-helix transition (non-native), accompanied with an increase in random coil (Table 2 and consequence of complexation of BLG with EGCG could also be observed (Table 2 and Fig. S3 , 287 SOM).
288
Additional evidence regarding the effect of EGCG binding on BLG and LacBLG structures came 289 from FTIR results. Infrared spectra of proteins exhibit a number of the amide bands, which 290 represent different vibrations of the peptide moiety. The amide I peak with position in the region 291 1600-1700 cm -1 (mainly C=O stretch), is commonly used for determination of secondary structures 292 in proteins. BLG has peak position at 1634 cm -1 (Fig. 3A) , confirming that beta sheets prevail in 293 its structure. However, after glycation, amide I peak position shifts to 1642 cm -1 (Fig. 3D) , 294 indicating beta sheet to random coil transition in modified protein.
295
EGCG induced change of the amide I band shape in the spectrum of BLG, indicating that the 296 secondary structure of BLG is altered upon EGCG binding ( Fig. 3C and D) . A quantitative analysis 297 of the BLG secondary structure before and after interaction with EGCG is given in Fig. 3 and Table   298 2. The curve-fitted results ( upon EGCG binding. These results are in agreement with previous study (Kanakis, et al., 2011) .
15
The curve fitted results (Table 2) show that LacBLG has a higher percentage of random coil 304 (30.5%) in comparison to BLG (22.9%), in agreement with CD data. However, similarly to BLG, 305 alpha helical content was only slightly affected upon EGCG binding (Table 2) . Moreover, in the 306 presence of EGCG beta sheet content increased in comparison to LacBLG, while beta-antiparallel 307 sheet percentage decreased (Table 2) . Therefore, FTIR results confirmed that glycation produces 308 substantial changes in secondary structures of BLG. Binding of polyphenol to BLG, as well as, absence of EGCG, obtained using FT-IR and CD spectroscopy.
497 Table 1 Binding parameters obtained for LacBLG:EGCG complex determined by the fluorescence quenching and comparison to reference values. 
Equation
Stern-Volmer
